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Program  Objectives 

The  overall  program  goal  was  to  develop  a  new  class  of  biaxially  textured  YBCO 
conductors  using  copper  or  copper-alloys  as  substrates.  To  accompbsh  this  goal,  the 
follwing  program  tasks  were  performed:  (1)  The  processing  of  thin  buffer  layers  on  copper 
based  substrates  as  epitaxial  templates  and  diffusion  barriors,  and  (2)  the  optimization  of 
buffer-layer  structures  from  the  current  state-of-art  multiplayer  system  to  1-2  layer  system 
by  enhancing  adhesion  between  buffer  layers  and  copper  based  substrates. 

Accomplishments 

We  have  developed  a  method  to  grow  self-aligned  epitaxial  MgO/Cu/MgO  films  on 
silicon  substrates  by  pulsed  laser  deposition  (PLD)  technique.  Here,  a  thin  layer  of 
Cu/Mg  (Mg  5%)  is  deposited  using  a  PLD  over  Si  (100)  specimens,  followed  by 
annealing  at  500  °C  in  a  controlled  oxygen  environment  resulting  in  the  segregation  of 
Mg  on  either  side  of  the  copper  film.  Mg  on  the  upper  side  of  copper  reacts  with  ambient 
oxygen  and  on  the  lower  side  with  the  adsorbed  oxygen  in  the  substrate  to  form  layers  of 
MgO.  High-resolution  transmission  electron  microscopy  (HRTEM)  measurements 
showed  thin  layers  of  MgO  formed  on  either  side  of  the  copper  films.  The  lower  MgO 
layer  acts  as  a  diffusion  barrier  and  inhibits  the  diffusion  of  Cu  into  the  system  while  the 
upper  MgO  layer  acts  as  a  passivating  layer  and  protects  copper  against  oxidation.  This 
approach  has  been  used  to  grow  high  quality  epitaxial  YBa2Cu3C>7 _g  films  with  MgO  and 
MgO/TiN  acting  as  a  buffer  layers  for  the  superconducting  device  applications. 

Thin-film  deposition  was  performed  in  a  multi-target  stainless-steel  laser 
deposition  chamber  evacuated  by  a  turbo-molecular  pump  to  a  base  pressure  of  lxlO'8 
Torr.  Radiation  from  a  KrF  excimer  laser  (Lambda  Physik  210,  A,=/248  nm)  was  used  for 
the  ablation  of  TiN  and  Cu-Mg  targets.  The  stoichiometric  hot  pressed  TiN  was  obtained 
from  CERAC  Inc.  and  Cu-Mg  (5  at.  %  Mg)  was  deposited  by  placing  Magnesium  chips 
on  copper.  These  targets  were  mounted  on  a  rotating  multi-target  polygon  assembly, 
which  were  ablated  using  focused  laser  beams.  The  energy  density  of  the  beam  was  2-3 
Jem'2  at  45°  angle  of  incidence.  In  this  study,  epitaxial  TiN  barrier  layers  of  60-70  nm 
thickness  were  deposited  at  optimized  conditions  with  substrate  temperature  of  650°C 
and  a  base  pressure  of  5x1  O'7  Torr.  In  case  of  high-temperature  superconductor  thin  film 
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The  primary  focus  of  this  project  is  to  grow  high-Tc  (Y123)  films  on  textures  copper  substrates  using  TiN  and  WN  buffer  layers. 
We  have  developed  a  method  to  grow  self-aligned  epitaxial  MgO/Cu/MgO  films  on  silicon  substrates  by  pulsed  laser  deposition 
(PLD)  technique.  A  thin  layer  of  Cu/Mg  (Mg  5%)  is  deposited  using  a  PLD  over  Si  and  Cu  specimens,  followed  by  annealing  in  a 
controlled  oxygen  environment  resulting  in  the  segregation  of  Mg  on  either  side  of  the  copper  film.  In  addition,  we  have  also 
demonstrated  the  feasibility  of  growing  WN  buffer  layer  using  ion  implantation  techniques.  High-resolution  transmission  electron 
microscopy  (HRTEM)  measurements  showed  thin  layers  of  nitride  films  act  as  a  diffusion  barrier  and  inhibits  the  diffusion  of  Cu 
into  the  system.  These  approaches  have  been  demonstrated  to  be  useful  for  growing  high  quality  epitaxial  YBa2Cu307ji  films  for 
Cu- or  Cu  alloys-based  superconducting  devices. 
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deposition,  the  substrate  was  maintained  at  a  temperature  of  650°C.  The  multilayered 
structure,  thus  obtained,  was  analyzed  by  X-ray  diffraction  (XRD)  using  a  Rigaku  X-ray 
diffractometer  with  Cu  Ka  radiation  and  a  Ni  filter.  The  microstructure  characterization 
of  these  films  was  carried  out  by  JEOL-2010F.  Electrical  resistivity  measurements  were 
performed  in  a  closed  cycle  refrigerator  in  the  temperature  range  of  12-300  K  using  a 
conventional  four-point  probe  technique.  We  have  obtained  high  quality  thin  films  with 
critical  temperature  exceeding  90K. 

During  the  contract  period,  very  pure  (99.99  at  %)  copper  tapes  with  biaxially  aligned 
textures  were  supplied  by  Oak  Ridge  National  Laboratory  with  an  in-plane  and  out-of- 
plane  texture  FWHM  of  7.9°  and  7.6°,  respectively.  WN  buffer  layers  were  processed  by 
a  technique  based  on  ion  implantation  of  tungsten  ions  directly  into  textured  copper  based 
substrates. 


WN  Buffer  Formation  by  N2  Plasma 


The  figure  shows  the  formation 
of  WN  buffer  layers  on  textured 
copper  substrates.  The  film  was 
formed  by  nitridation  in  a 
nitrogen  plasma  of  a  tungsten 
ion  implanted  copper  substrate. 


A  problem  in  the  buffer  layer  formation  for  the  copper  based  RABiTS  tapes  is  the  poor 
adhesion.  To  alleviate  this  adhesion  problem,  the  formation  WN  by  ion  implantation  on 
Cu  showed  promising  results.  20  keV  W-ions  were  implanted  into  Cu  with  a  dosage  p-to 
1016  -  1017  ions/cm2.  After  WN  film  formation  by  heat  annealing,  the  WN  films  showed 
good  adhesion  to  Cu  substrates. 

Growth  of  high  quality  epitaxial  MgO,  TiN  and  WN  films  on  copper  substrates,  which 
are  used  as  buffer  layers  to  grow  high-Tc  thin  films,  has  been  demonstrated.  These  films 
on  copper  substrates  are  grown  via  new  paradigm  of  domain  matching  epitaxy  where 
integral  multiple  of  lattice  planes  match  across  the  film-substrate  interface.  The 
techniques  developed  in  the  program  provide  an  essential  framework  for  growing  device 
quality  thin  films  on  copper  substrates  having  small  as  well  as  large  lattice  misfits,  and 
thus  opens  up  a  new  frontier  in  practical  high-Tc  conductors. 
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